% 

- 1 - 

METHOD OF DETECTING AND MEASURING ENDPOINT OF 
POLISHING PROCESSING AND ITS APPARATUS AND 
METHOD OF MANUFACTURING SEMICONDUCTOR 
DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an endpoint 
detecting of polishing processing of a semiconductor 
5 device, and more particularly to a method of detecting 
an endpoint in smoothing of a wafer surface and its 
apparatus, a polishing method with an endpoint 
detecting function and its apparatus, and a method of 
manufacturing a semiconductor device using the same. 

10 RELATED BACKGROUND ART 

A semiconductor device is manufactured by 
forming a film on a silicon wafer (hereinafter simply 
referred to as wafer) and forming an element or wiring 
pattern through an exposure in a desired pattern and an 

15 etching process of the exposed portion. Subsequently 
to forming the element or wiring pattern as described 
above, a transparent layer insulating film made of Si0 2 
or the like is formed to cover the element or wiring 
pattern and the next element or wiring pattern is 

20 formed on the layer insulating film, thus causing the 
manufactured semiconductor device to have a laminated 
structure . 
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In order to form an element or wiring pattern 
on a certain layer on a wafer and a layer insulating 
film so as to cover it and further to form an element 
or wiring pattern as the next layer on this layer 
insulating film, an exposure light focusing condition 
(an exposure condition) must be uniform over the entire 
film. The under element or wiring pattern, however, 
generates an uneven surface of the layer insulating 
-film provided to form the next layer on the element or 
wiring pattern layer on the wafer. Particularly in 
recent years, a pattern formed on the wafer tends to 
have a more fine-grained and multi-layered structure so 
as to achieve a high-precision and high-density 
semiconductor device, thereby increasing the unevenness 
on the surface of the layer insulating film to be 
formed. The increase of the unevenness on the surface 
of the layer insulating film makes it hard to achieve a 
uniform exposure condition over the entire film formed 
on the layer insulating film, and therefore the layer 
insulating film is smoothed before forming the film. 

For this smoothing processing, there is 
conventionally used a method of realizing a smooth film 
by polishing a surface by means of chemical and 
physical effects (CMP: Chemical mechanical polishing) . 
This CMP processing is described below by using Fig. 
20. 

In this diagram, a pad 1 is provided on a 
surface of a polishing disk 2 in a polishing machine to 



be used. The pad 1 is a sheet made of porous hard 
sponge material having fine holes on its surface. The 
polishing disk 2 is rotated and slurry 5 which is fluid 
abrasive including fine abrasive grains is added and 
applied on a surface of the pad 1. Then, a wafer not 
shown in a wafer chuck 3 is pressed to the pad 1, 
thereby causing a layer insulating film on the surface 
of the wafer to be polished by the pad 1. 

It should be noted here that a rotary speed 
is different between a central portion of the rotating 
polishing disk 2 and its surrounding portion and 
therefore the wafer chuck 3 is moved in a radial 
direction of the polishing disk 2 or rotated so that 
the entire layer insulating film on the wafer is 
polished to have a uniform film thickness. This 
polishing is performed by abrasive grains of the slurry 
5 getting into fine holes of the pad 1 to be held 
therein. If a lot of wafers are polished, however, the 
pad 1 wears out on its surface, thereby decreasing a 
polishing performance of the pad 1 or causing a serious 
condition in which the layer insulating film on the 
wafer surface has flaws due to contaminants adhering to 
the surface of the pad 1. Accordingly, a dresser 4 is 
provided to shave the surface of the pad 1 for a 
regeneration of the pad surface. 

The CMP processing is as set forth in the 
above. As an important problem in this CMP processing, 
there is an endpoint detection for terminating 



polishing when the layer insulating film on the wafer 
surface has been polished into a predetermined film 
thickness. The endpoint detection in the CMP 
processing has been controlled initially by calculating 
5 a processing time based on a previously evaluated 

polishing rate or by detaching the wafer from the CMP 
processing machine whenever polishing has been 
performed for a predetermined time and directly 
measuring a film thickness of the layer insulating 
0 film. In these methods, however, the detection cannot 
be precisely controlled due to uneven polishing rates 
and further the control takes plenty of time. 

To solve these problems, there is disclosed 
an in-situ measuring system capable of an endpoint 
5 detection on an actual wafer by measuring a film 

thickness of a layer insulating film while polishing it 
in Japanese Patent Unexamined Publication No. 9-7985. 

As shown in Fig. 20, this system is provided 
with a detection window 6 penetrating the polishing 
0 disk 2 and the pad 1, so that the layer insulating film 
on the wafer surface is irradiated with a laser light 
having a single wavelength from the detection unit 8 
via the detection window 6, the detection unit 8 
detects an interference light between a reflected light 
5 from the surface of the layer insulating film and a 
reflected light from a pattern formed under the layer 
insulating film, and the film thickness evaluation unit 
7 detects a variation of a film thickness of the layer 



insulating film based on a variation P of a detected 
intensity of the interference light, thereby enabling 
an endpoint detection of polishing processing. 

Referring to Fig. 21, there is shown a 
detected intensity variation P of the interference 
light detected by the detection unit 8 in Fig. 20, the 
detected intensity variation periodically changing as 
shown in the graph. The maximum amplitude of the 
interference light in this condition depends upon the 
layer insulating film formed on the wafer surface and a 
reflectance of the pattern, a period of the 
interference light depends upon a wavelength of the 
emitted laser light, a film thickness of the layer 
insulating film, and a refractive index of a film 
material, and an amplitude of the interference light 
varies with a change of a distance between the surface 
of the layer insulating film under polishing processing 
and a pattern surface of the previous layer immediately 
under the layer insulating film (in other words, a film 
thickness of the layer insulating film) . Therefore, 
assuming an interference light intensity 1 at time t, 
the layer insulating film has a film thickness causing 
an interference light of the intensity I. 

Therefore, a focus can be detected by 
previously calculating or evaluating in an experiment 
the interference light intensity I at which the film 
thickness of the layer insulating film is a 
predetermined thickness which is an endpoint of the CMP 
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processing (in other words, the entire surface of the 
layer insulating film is uniformly smoothed) , by 
measuring the interference light intensity with the 
film thickness evaluation unit 7 during the CMP 
5 processing of the wafer as described with referring to 
Fig. 20, and by determining an endpoint of the CMP 
processing when the measured intensity becomes equal to 
the predetermined intensity I. 

The interference light intensity varies as 
10 indicated by the curve P in Fig. 21 with a progression 
of polishing the layer insulating film on the wafer 
surface. This intensity variation P with an elapsed 
time shows a slow movement. Therefore, a gradient of 
the curve P is low and therefore even if a 
15 predetermined intensity 1 is detected, it is hard to 

detect it accurately. Accordingly the conventional in- 
situ measurement is effective for a relatively large 
processing amount (polishing amount), while it is often 
incapable of detecting an endpoint accurately in case 
20 of a small processing amount or according to a film 
structure . 



SUMMARY OF THE INVENTION 

The present invention has been made to solve 
the above problem. And, there is provided a method and 
25 an apparatus for detecting an endpoint of polishing 
processing enabling an accurate processing endpoint 
detection independently of a polishing processing 
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amount or a film structure, a polishing method provided 
with an endpoint detection function and its apparatus, 
and a method of manufacturing a semiconductor device. 

In other words, in accordance with a first 
5 aspect of the present invention, there is provided a 
method and an apparatus for detecting an endpoint of 
polishing processing, wherein the film formed on a 
wafer surface under polishing processing is irradiated 
with lights having two or more different wavelengths, a 

10 white light or an ultraviolet (UV) light, and a film 
thickness of the film formed on the semiconductor 
device surface is evaluated based on an intensity of a 
reflected light or a spectral intensity from the film 
or an intensity of the UV light, thereby detecting an 

15 endpoint of polishing processing for the film. 

According to these method and apparatus, it is possible 
to increase an accuracy of detecting the endpoint of 
polishing processing for the film even for a small 
polishing processing amount or independently of a film 

20 structure* 

In a second aspect of the present invention, 
there is provided a polishing processing method with an 
endpoint detection function and its apparatus, wherein 
the film formed on a wafer surface under polishing 
25 processing is irradiated with lights having two or more 
different wavelengths, a white light or an ultraviolet 
(UV) light, and a film thickness of the film formed on 
the semiconductor device surface is evaluated based on 



an intensity of a reflected light or a spectral 
intensity from the film or an intensity of the UV 
light, thereby detecting an endpoint of polishing 
processing for the film to terminate the polishing 
5 processing. According to these method and apparatus, 
it is possible to increase an accuracy of detecting the 
endpoint of polishing processing for the film even for 
a small polishing processing amount or independently of 
-a film structure. 

10 In accordance with a third aspect of the 

present invention, there is provided a method of 
manufacturing a semiconductor device, wherein means for 
evaluating the film thickness is incorporated into a 
polishing processing machine to evaluate a deteriorated 

15 condition of a polishing pad, thereby optimizing the 

polishing processing conditions and dressing conditions 
of the pad at the polishing processing. With this 
method, an object to be polished, for example, a film 
formed on the wafer becomes further smoother, thus 

20 enabling a high-precision film thickness control or a 
high-grade polishing processing control to improve a 
throughput . 

The semiconductor device manufacturing method 
according to the present invention may be such that the 
25 condition is evaluated at a plurality of positions on 
the wafer surface by pad evaluation means, thereby 
enabling an evaluation of a film thickness distribution 
of a wafer and a film on the wafer surface during 



processing. 

In addition the semiconductor device 
manufacturing method according to the present invention 
may be such that a CMP process can be stabilized and 
5 optimized on the basis of a film evaluation result of 
the film formed on the wafer surface. 

Furthermore, in accordance with a fourth 
aspect of the present invention, there is provided a 
polishing processing machine, comprising polishing 
10 means for polishing a film formed on a wafer surface, 
i|i irradiation means for irradiating the film formed on 

A the wafer surface during the polishing with the above 

'|S light or UV light, detection means for detecting a 

{A reflected light or the UV light from the film formed on 

JL, 15 the wafer surface, and a processor circuit section for 

W evaluating a film thickness of the film formed on the 

M wafer surface on the basis of an intensity of the 

reflected light detected by the detection means, a 
spectral intensity, or an intensity of the UV light. 
20 These and other objects, features and 

advantages of the invention will be apparent from the 
following more particular description of preferred 
embodiments of the invention, as illustrated in the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a constitutional view of a first 
embodiment of a method and an apparatus for detecting 
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an endpoint of polishing processing according to the 
present invention; 

Fig. 2 is a constitutional view of a second 
embodiment for detecting an endpoint of polishing 
5 processing according to the present invention; 

Fig. 3 is a diagram schematically showing an 
occurrence of an interference light from a multi- 
layered wafer; 

Fig. 4 is a diagram showing a concrete 
10 example of a method of detecting an endpoint of 

polishing processing in the embodiments shown in Figs. 
1 and 2; 

Fig. 5 is a diagram showing another concrete 
example of a method of detecting an endpoint of 
15 polishing processing in the embodiments shown in Figs. 
1 and 2 ; 

Figs. 6A and 6B are flowcharts showing an 
endpoint detecting operation shown in Figs. 4 and 5; 

Fig. 7 is a constitutional view of a third 
2 0 embodiment of a method and an apparatus for detecting 
an endpoint of polishing processing according to the 
present invention; 

Fig. 8 is a constitutional view of a fourth 
embodiment of a method and an apparatus for detecting 
25 an endpoint of polishing processing according to the 
present invention; 

Figs. 9A and 9B are diagrams showing a 
variation of a detected intensity in the embodiment 
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shown in Fig. 8 in comparison with a variation of a 
detected intensity in a conventional technology; 

Fig. 10 is a top plan view of a concrete 
example of an aperture configuration of a detection 
5 window provided on a polishing machine in the 
embodiments described in Figs. 1 to 9B; 

Fig. 11 is a top plan view of another 
concrete example of an aperture configuration of the 
detection window provided on the polishing machine in 
10 the embodiments described in Figs. 1 to 9; 

Fig. 12 is a top plan view of still another 
concrete example of an aperture configuration of the 
detection window provided on the polishing machine in 
the embodiments described in Figs. 1 to 9B; 
15 Fig. 13 is a top plan view of further still 

another concrete example of an aperture configuration 
of the detection window provided on the polishing 
machine in the embodiments described in Figs. 1 to 9B; 

Fig. 14 is a top plan view of still another 
20 concrete example of an aperture configuration of the 
detection window provided on the polishing machine in 
the embodiments described in Figs. 1 to 9B; 

Fig. 15 is a longitudinal sectional view of a 
concrete example of an internal configuration of the 
25 detection window provided on the polishing machine in 
the embodiments described in Figs. 1 to 9B; 

Fig. 16 is a longitudinal sectional view of 
another concrete example of an internal configuration 
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of the detection window provided on the polishing 
machine in the embodiments described in Figs. 1 to 9B; 

Fig. 17 is a constitutional diagram 
schematically showing a concrete example of a polishing 
process in an embodiment of a method and apparatus for 
manufacturing a semiconductor device according to the 
present invention; 

Fig. 18 is a diagram showing an example of a 
relationship between the number of polished wafers and 
an average intensity of a detected light in the 
polishing processing machine according to the present 
invention; 

Fig. 19 is a diagram showing an example of a 
relationship between a polishing speed and an average 
intensity of a detected light in the polishing 
processing machine according to the present invention; 

Fig. 20 is a diagram showing an example of a 
CMP polishing processing; and 

Fig. 21 is a diagram showing a conventional 
endpoint detection method in the CMP processing shown 
in Fig. 20. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described below 
with reference to the accompanying drawings. While the 
CMP processing described in Fig. 20 is assumed in 
embodiments described below, the present invention is 
not limited to it. 



Referring to Fig. 1, there is shown a 
constitutional diagram of a main portion of a first 
embodiment of a method and an apparatus for detecting 
an endpoint of polishing processing according to the 
present invention, including laser light sources 9 and 
10, a lens 11, a beam splitter 12, a dichroic mirror 
13, a lens 14, optical detectors 15 and 16, an 
objective lens 17, and a wafer 18, where identical 
reference numerals are used for the portions 
corresponding to those in Fig. 2 0 to omit overlapped 
descriptions . 

In this figure, the laser light sources 9 and 
10 emits laser lights L x and L 2 having different 
wavelengths. These laser lights 1^ and L 2 are changed 
to beams by the lens 11, reflected on the beam splitter 
12, and then emitted to the wafer 18 held by a wafer 
chuck via the objective lens 17 and the detection 
window 6 provided penetrating the polishing disk 2 and 
the pad 1 from the side of a layer insulating film (not 
shown) . In this condition, the laser lights L x and L 2 
reflected on the beam splitter 12 from the laser light 
sources 9 and 10 need not be always on an identical 
optical axis. 

Interference lights P 1 and P 2 for each of the 
laser lights L x and L 2 generated by the above reflection 
from the wafer 18 pass through the detection window 6, 
the objective lens 17, and the beam splitter 12 and 
then separated by the dichroic mirror 13 according to 



the wavelength. In other words, the interference light 
P x caused by the laser light L 2 from the laser light 
source 9 is, for example, reflected by the dichroic 
mirror 13 and detected by the optical detector 15 via 
5 the lens 14. The interference light P 2 caused by the 
laser light L 2 from the laser light source 10 is, for 
example, transmitted through the dichroic mirror 13 and 
detected by the optical detector 16 via the lens 14. 
'The film thickness evaluation unit 7 controls the 
10 polished condition of the wafer 18 on the basis of 

detection outputs of the optical detectors 15 and 16 to 
! : 5 detect an endpoint of the polishing. 

fil In the above configuration, the laser light 

^Sl sources 9 and 10, the lenses 11 and 14, the beam 

v 15 splitter 12, the dichroic mirror 13, the optical 

m detectors 15 and 16, and the objective lens 17 form the 

m detection unit 8 shown in Fig. 20. It is the same in 

rj other embodiments as hereinafter described. 

ssist 

While the interference lights P 2 and P 2 caused 
20 by the laser lights L x and L 2 having different 

wavelengths are separated by using the dichroic mirror 
13 in the embodiment shown in Fig. 1, they can be 
separated by using a diffraction grating 19 as shown in 
Fig. 2 as a second embodiment. Furthermore, it is also 
25 possible to use other wavelength separating means such 
as a prism other than the above. 

Furthermore, as the optical detectors 15 and 
16 in Fig. 1 and Fig. 2, it is possible to use a CCD 



two-dimensional sensor or one-dimensional line sensor 
or other optical sensors other than the CCD sensors. 

If the single detection window 6 is provided 
on the polishing disk 2 and the wafer 18 is located on 
an extension line of the optical axis of the objective 
lens 17 in Fig. 1 and Fig. 2, the optical detectors 15 
and 16 detect the interference lights P x and P 2 
intermittently once per rotation of the polishing disk 
2. These interference lights ¥ x and P 2 are not always 
needed for detecting a film thickness of the layer 
insulating film to be polished on the surface of the 
wafer 17. 

Namely, in Fig. 3 it is assumed that S 2 
designates a layer insulating film formed at the 
previous time, a pattern E is formed on the layer 
insulating film S 2 , a layer insulating film S x is formed 
so as to cover it, and the layer insulating film S x is 
to be polished to the thickness indicated by a long and 
short dash line A. In the embodiments shown in Fig. 1 
and Fig. 2 (also in other embodiments described later), 
there are detected not only an interference light P x 
between a light L X1 reflected on the surface of the 
layer insulating film S-l and a light L x2 reflected on the 
surface of patterns E in the layer insulating film S lf 
but also an interference light P Y between a light L Y1 
reflected on the surface of the layer insulating film S x 
and a light L y2 reflected on the surface of patterns E f 
in the layer insulating film S 2 . 
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Referring to Fig. 4, there is shown a diagram 
of a concrete example of a method of detecting an 
endpoint of polishing processing using the film 
thickness evaluation unit 7 shown in Fig. 1 and Fig. 2. 
5 The film thickness evaluation unit 7 is 

provided with a detection result of the optical 
detectors 15 and 16. The detection results are as 
shown in Fig. 4. Namely, a curve (indicated by a solid 
line) P x represents an intensity variation of the 
10 interference light P x caused by the laser light L 2 from 
x % the laser light source 9 and a curve (indicated by a 

dashed line) P 2 represents an intensity variation of the 
y interference light P 2 caused by the laser light L 2 from 

•0 the laser light source 10; where the laser light L 2 from 

5; 15 the laser light source 10 is assumed to have a longer 

m wavelength than that of the laser light L x from the 

ffl laser light source 9. Therefore, the interference 

lX lights P x and P 2 have intensities different from each 

other to the film thickness of the layer insulating 
20 film on the surface of the wafer 18 in general. 

Therefore, the film thickness evaluation unit 
7 previously determines intensities I 2 and I 2 of the 
interference lights P x and P 2 at the endpoint of 
polishing processing at which the layer insulating film 
25 thickness is equal to a predetermined value as a result 
of the calculation or experiment and determines an 
endpoint t of the polishing processing when the 
interference light P x has the intensity I x as a 
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detection result of the optical detector 15 and the 
interference light P 2 has the intensity I 2 as a 
detection result of the optical detector 16, 

An endpoint cannot be accurately detected as 
5 described in the prior art when an endpoint is detected 
using the interference light P a singly or the 
interference light P 2 singly, while the accuracy of the 
endpoint detection is increased due to compensation for 
a detection error between them when the interference 
10 lights P x and P 2 are combined with each other so as to 
determine the endpoint of polishing processing when 
their intensities get equal to the predetermined 
intensities 1 2 and I 2 at the same time as shown in this 
embodiment . 

15 As set forth in the above, the endpoint of 

polishing processing can be accurately detected in this 
embodiment. Therefore, the endpoint of polishing 
processing can be accurately detected even for a small 
polishing amount independently of a film structure in 

20 the wafer 18, 

While two laser light sources 9 and 10 are 
provided as light sources and laser lights L x and L 2 
having two different wavelengths are used in this 
embodiment, it is possible to use three or more laser 

25 light sources and laser lights having three or more 
types of wavelengths and an endpoint of polishing 
processing can be detected with a combination of 
intensities of interference lights of these laser 



lights . 

When the endpoint of the processing is 
detected, the rotation of the polishing disk 2 is 
stopped and the wafer chuck 3 stops the pad 1 from 
pressing the wafer to the polishing disk 2. 

In this manner, the wafer can be precisely 
polished by accurately detecting the endpoint of 
polishing processing and stopping the polishing 
processing. 

Referring to Fig. 5, there is shown another 
embodiment of a method of detecting an endpoint of 
polishing processing with the film thickness evaluation 
unit 7 shown in Fig. 1 and Fig. 2. 

In this embodiment, a ratio of a detection 
result from the optical detector 15 to one from the 
optical detector 16 is determined and an endpoint of 
polishing processing is detected based on the ratio. 

Namely, while the intensities of the 
interference lights P x and P 2 shown in Fig. 4 are 
obtained also in this embodiment, further the intensity 
ratio Pi/Pz is determined and an endpoint t of the 
polishing processing is determined when the intensity 
ratio Px/P 2 is equal to a value X 1 of a film thickness 
obtained by a calculation or an experiment. 

In this case, the intensity ratio F 1 /F 2 
obtained from the interference lights P x and P 2 shown in 
Fig. 4 is represented by a characteristic curve 
including steep rise and fall portions and moderate 
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rise and fall portions as shown in Fig. 5. In this 
embodiment, naturally the endpoint is detected in the 
steep rise and fall portions and therefore it is only 
required to use laser lights L x and L 2 having 
5 wavelengths satisfying the condition. 

This makes it possible to detect the endpoint 
of polishing processing in the steep characteristic 
portions, thereby enabling a very accurate endpoint 
detection. Therefore, a high-precision polishing 
10 processing is achieved. 

In addition, the interference light 
intensities detected by the optical detectors 15 and 16 
depend upon the type of the wafer 18 to be polished. 
As described later, a transparent material can be used 
15 for the pad 1 and in this case there is no need for 
providing a penetrating hole for the detection window 
6, but a change of a surface condition of the pad 1 
caused by continuous polishing processing may change 
the optical transmitting condition there, thereby 
20 changing the intensities of the interference lights 
detected by the optical detectors 15 and 16. 
Furthermore, as described later, a transparent plate is 
provided in the detection window 6 so as to prevent the 
slurry 5 (Fig. 20) from leaking out from the detection 
25 window 6 to the optical system including the objective 
lens 17, and an optical transmittance may be decreased 
due to remains of the slurry 5 on the transparent 
plate, thereby causing a change of the intensities of 
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the interference lights detected by the optical 
detectors 15 and 16. As shown in Fig. 5, however, if 
the endpoint of polishing processing is detected based 
on the intensity ratio P 1 /P 2 of the interference lights 
5 ¥\ and P 2 , these effects are canceled and avoided by 
taking a ratio. 

While the endpoint t of polishing processing 
is determined when the intensity ratio P 1 /P 2 has reached 
■the directly preset value X^in the embodiment shown in 
10 Fig. 5, if the endpoint t x is determined at a point Q 2 
at which the intensity ratio P 1 /P 2 passing the peak 
point Q x of the intensity ratio P x /P 2 is equal to the 
directly preset value X 2 , it is also possible to 
previously determine a time At from the peak point Q x to 
15 the point Q 2 in a calculation or an experiment, to 

measure the time At from the peak point Q x detected time 
when the peak point Q 2 of the intensity ratio P 1 /P 2 is 
detected (time t 0 ) , and to determine the endpoint t x of 
polishing processing. In this case, the characteristic 
20 curve of the intensity ratio Pi/Pz is steep and 

therefore the peak point Q 1 can be accurately detected. 

In addition, it is possible to detect an 
arbitrary point in the steep rise or fall portion of 
the intensity ratio P 2 /P 2 in the characteristic curve 
25 instead of the peak point Q 1 and to consider the time 
point at which a predetermined time has been elapsed 
from the detected point as the endpoint of polishing 
processing . 



Furthermore, in the same manner also in the 
embodiment shown in Fig. 4, it is possible to 
previously obtain predetermined intensities I 1 and I 2 of 
the interference lights P x and P 2 at a time point 
previous to the endpoint of the polishing processing 
and the time At from a time point when these 
intensities are concurrently detected to the endpoint 
of the polishing processing and to consider the time 
point at which the time At has been elapsed since the 
intensities I 1 and I 2 were concurrently detected as the 
endpoint of polishing processing. 

As set forth in the above, the endpoint of 
polishing processing can be accurately detected also in 
this embodiment. Therefore, the endpoint of polishing 
processing can be accurately detected even for a small 
polishing amount independently of a film structure in 
the wafer 18, thus enabling high-precision polishing 
processing with a film thickness precisely controlled. 

Furthermore, a device having a multi-layer 
wiring structure can be achieved at a high yield by the 
accurate endpoint detection and the film thickness 
control of the layer insulating film for polishing 
processing. Namely, for the polished wafer 18, the 
polished layer insulating film is machined to make a 
fine hole to expose a part of a wiring film under the 
layer in the next or subsequent process, a conductive 
material is embedded into the fine hole, and a new fine 
pattern is formed on the polished layer insulating 
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film, thereby enabling a stable formation of a wiring 
pattern connected to a wiring pattern under the layer 
insulating film. 

Then, by using Figs. 6A and 6B, the 
5 processing operation for the above focus detection will 
be described below. 

Referring to Fig. 6A, there is shown a 
flowchart of a processing operation for the focus 
detection shown in Fig. 4 or a processing operation for 

10 detecting the endpoint t shown in Fig. 5, including 
steps of detecting interference lights P x and P 2 by 
using optical detectors 15 and 16 (step 100) , after the 
detection, evaluating the intensities of the 
interference lights P 2 and P 2 and determining whether 

15 the relationship between them matches the predetermined 
relationship between I x and I 2 for the endpoint 
detection (for Fig. 4) or evaluating the intensities of 
the interference lights P x and P 2 and determining 
whether the intensity ratio ^J^ 2 of the interference 

20 lights P x and P 2 matches a predetermined value (for Fig. 
5) (steps 101 and 102), and unless the relationship or 
the value is fulfilled, returning to the step 100 for 
awaiting the next interference light detection, but 
otherwise, determining an endpoint of polishing (step 

25 103). 

Referring to Fig. 6B, there is shown a 
flowchart of a processing operation for which an 
endpoint is assumed to be a time point when a time At 



has been elapsed since the preset peak of the intensity 
ratio Pi/P 2 in Fig. 5, including steps of detecting 
interference lights P x and P 2 by using optical detectors 
15 and 16 (step 200), after the detection, determining 
5 whether the intensity ratio Vj^z of the interference 
lights P L and P 2 matches the peak value (step 201), and 
unless it matches the peak value, returning to the step 
200 to await the next interference light detection, but 
otherwise, starting a time measurement (step 202), 

10 awaiting an elapse of time At (step 203), and 

determining an endpoint of polishing (step 204) . 

In Fig. 4, processing operation is the same 
as for the operation for Fig. 6B when the detection 
intensities of the interference lights P x and P 2 

15 concurrently match the preset values II and 12 and 
further polishing processing is continued for the 
preset time At to determine the endpoint of polishing 
processing. 

Referring to Fig. 7, there is shown a 

20 constitutional diagram of a main portion of a third 

embodiment of a method and an apparatus for detecting 
an endpoint of polishing processing according to the 
present invention, including a white light source 2 0 
and a spectrograph 21, with components corresponding to 

25 those in the above drawings designated by identical 
reference numerals to omit overlapped descriptions. 

In this third embodiment, a white light 
source is used for a light source. 
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In Fig. 7, the white light source 2 0 emits a 
white light L. The white light L is changed to beams 
by a lens 11, reflected on a beam splitter 12, and then 
emitted to the wafer 18 via an objective lens 17 and a 
5 detection window 6 from the side of a layer insulating 
film (not shown) . In this embodiment in the same 
manner as for the above embodiments, the white light L 
causes an interference for each wavelength component 
between a reflected light from a surface of the layer 

10 insulating film and a reflected light from a pattern 

surface under the layer, thereby generating a composite 
light (hereinafter also referred to as interference 
light) P of the interference lights. The interference 
light P passes through the detection window 6, the 

15 objective lens 17, and the beam splitter 12 and is 
detected by the spectrograph 21, by which spectral 
intensity data of the interference light is obtained 
for each wavelength. The spectral intensity data is 
supplied to a film thickness evaluation unit 7 and an 

20 endpoint of polishing processing is detected on the 
basis of the spectral intensity. 

In this endpoint detection of polishing 
processing based on the spectral intensity data, an 
intensity distribution is previously calculated or 

25 obtained in an experiment with intensities of 
interference lights of each wavelength in the 
interference light P obtained when a film thickness of 
the layer insulating film on the surface of the wafer 
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18 is equal to a predetermined value at which the 
surface is smoothed, and the endpoint of polishing 
processing is determined when the intensity 
distribution of the interference light P based on the 
spectral intensity data from the spectrograph 21 is 
equal to the preset intensity distribution. 

In this condition, two or more types are 
arbitrary wavelengths used for detecting an endpoint in 
the white light L and an endpoint can be accurately 
detected in the same manner as for the embodiment shown 
in Fig. 4; naturally the more types of wavelengths are 
used, the more accurate detection is possible. 
Naturally it is preferable to use wavelengths different 
from each other to some extent if there are only a 
small number of types of wavelengths. 

A light source having a wide wavelength band 
such as a halogen lamp or a xenon lamp can be used as a 
white light source 20 and an optical sensor other than 
the CCD sensors such as CCD two-dimensional sensor or 
one-dimensional line sensor as a detecting section of 
the interference light P for the spectrograph 21. 

Referring to Fig. 8, there is shown a 
constitutional diagram of a main portion of the fourth 
embodiment of a method and an apparatus for detecting 
an endpoint of polishing processing according to the 
present invention, including a UV light lens ll f , a UV 
light beam splitter 12', a UV light objective lens 17', 
a UV light lens 14', UV light generating means 22, and 



a UV light detector such as a photomultiplier 23, with 
components corresponding to those in the above drawings 
designated by identical reference numerals to omit 
overlapped descriptions. 

In the fourth embodiment, the UV light having 
a short wavelength is used for a visible light* 

In Fig. 8, the UV light generating means 22 
emits a UV light. This UV light is changed to beams by 
the lens 11', reflected on the beam splitter 12', and 
emitted to the wafer 18 via the objective lens 17' and 
the detection window 6 from the side of the layer 
insulating film (not shown) . When the UV light is 
emitted to the layer insulating film, interference is 
generated in the reflected UV light in the same manner 
as for the above embodiments. The reflected UV light 
P' accompanied by interference passes through a 
detection window, the objective lens 17 f , and the beam 
splitter 12' and is detected by a UV light detector 23, 
by which its intensity data is obtained. The intensity 
data is supplied to a film thickness evaluation unit 7 
and an endpoint of polishing processing is detected on 
the basis of the intensity. 

Fig. 9A shows an intensity variation of a 
reflected light (interference light) P from the film 
formed on the wafer surface when using a conventional 
visible light and Fig. 9B shows an intensity variation 
of a reflected UV light P' obtained by the film 
thickness evaluation unit 7 in the embodiment shown in 



Fig. 8. As apparent from a comparison between Figs. 9A 
and 9B, the curve in the embodiment shown in Fig. 8 has 
a relatively short period of the obtained intensity 
variation and has characteristics of steep inclines or 
peaks in comparison with the prior art in which a 
visible light is used, thus enabling an accurate 
detection of the endpoint of polishing processing. 
Naturally it is possible to use two endpoint detection 
methods described in Fig. 5 in this embodiment. 

Fig. 9B shows that there is a point Q" of the 
same intensity as for Q' which is the endpoint of 
polishing processing before the point Q' . In this 
case, it is determined by a calculation or an 
experiment what point should be the endpoint of 
polishing processing among the points of the intensity 
I. It is the same in the endpoint detection methods 
described in Fig. 4 and Fig. 5. 

As set forth in the above, a film thickness 
is evaluated for a film formed on the surface of the 
wafer 18 during polishing processing for smoothing the 
layer insulating film formed on the wafer surface, 
namely during rotation of the polishing disk 2 by using 
the in-situ measuring system in the embodiments. 
Therefore, the entire optical system (a portion from 
the light source to the detector in each embodiment) 
can be fixed to the polishing disk 2 so as to rotate 
concurrently with the polishing disk 2 or the optical 
system can be fixed at a predetermined position 



independently of the polishing disk 2. Furthermore, 
there is a method in which only the objective lens 17 
is fixed to the polishing disk 2 so as to rotate 
concurrently with the polishing disk 2. In short, it 
is only required to irradiate the film formed on the 
wafer surface with a UV light during polishing 
processing and to detect its reflected light or 
reflected UV light. 

Optical characteristics of the pad 1 may 
change during polishing processing of many wafers. 
Therefore, effects of the change can be reduced by 
previously evaluating the change amounts and reflecting 
the changes of the optical characteristics of the pad 1 
on the evaluation of the intensities or intensity 
distribution of the reflected light or the reflected UV 
light. 

Referring to Figs. 10 to 14, there are shown 
top plan views of concrete examples of an aperture 
configuration of a hole (detection hole) forming the 
detection window 6 provided on the polishing machine. 

As the detection window 6 in the above 
embodiments, it is possible to provide a single 
detection hole 24 having a shape of a circular aperture 
on the polishing disk 2 provided with the pad 1 as 
shown in Fig. 10 (in this condition, a diameter of an 
optical beam L from the light source can be shorter 
than the diameter of the detection hole 24 or can be 
longer than that as indicated by a dashed line) . As 
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shown in Fig. 11, the detection hole can be an aperture 
having a rectangular shape oblong in a radial direction 
of the polishing disk 2. In this condition, an optical 
beam L may have a slit-shaped cross section and the 
5 cross section can be larger than the detection hole 24 
(if the beam L is larger than the detection hole 24, 
its cross section can be elliptic) . By using these 
types of optical beam L, it becomes possible to detect 
an average film thickness in a radial direction of the 

10 layer insulating film on the wafer surface and to 
detect the endpoint more accurately due to a large 
amount of detected light. 

In addition, when using the slit-shaped 
optical beam L in this manner, the optical beam L is 

15 reflected in different positions in a radial direction 
on the layer insulating film on the wafer surface to be 
polished, and therefore a film thickness can be 
detected in the respective positions in the radial 
direction on the layer insulating film by detecting the 

20 reflected slit-shaped interference light using an 

optical detector having a line sensor. In polishing 
the layer insulating film on the wafer surface, a 
polishing amount of the layer insulating film may be 
uneven in the radial direction depending upon how to 

25 apply a pushing pressure to the wafer chuck. This 

unevenness can be removed, however, by controlling how 
to apply the pushing pressure to the wafer chuck 
according to a detection result of the film thickness. 
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In a concrete example of the detection window 
6 shown in Fig, 12, a plurality of detection holes 24 
are arranged in a line in a radial direction on the 
polishing disk 2. In this example, an optical beam L 
5 passes through the respective detection holes 24 and 
the film thickness can be evaluated in the radial 
direction of the layer insulating film as is the case 
with the example shown in Fig, 11. Naturally it is 
possible to detect an average film thickness in the 
10 radial direction of the layer insulating film on the 
wafer surface likewise with the example shown in Fig. 
11 by detecting and summing up a reflected interference 
Light passing through the detection holes 24. 

In a concrete example of the detection window 
15 6 shown in Fig. 13, a plurality of detection holes 24 
are arranged on an identical circumference on the 
polishing disk 2. Although the detection holes are 
shown to be arranged on a part of the circumference, 
actually the holes are arranged at regular intervals on 
20 the entire circumference. While the reflected 

interference light can be detected only once per 
rotation of the polishing disk 2 when the optical 
system is fixed in the concrete examples shown in Fig. 
10 to Fig. 12, the interference light can be almost 
25 always detected when using the detection window 6 shown 
in Fig. 13. The detection holes 24 can be arc holes 
each having a predetermined length instead of circular 
holes . 
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In addition, a large number of thin grooves 
25 crossing at right angles are originally formed on 
the surface of the pad 1 on the polishing disk 2 as 
shown in Fig. 14, and it is possible to arrange one or 
5 more detection holes 24 as the detection window 6 along 
a part of the grooves 25. According to it, the 
detection holes 24 are arranged in a part of the 
existing grooves 25, thereby sufficiently reducing 
effects on polishing caused by opening holes on the pad 

10 1, for example, an increase of scratches. 

Fig. 15 and Fig. 16 show concrete examples of 
an internal structure of the detection window 6 
provided on the polishing machine, respectively, 
including a transparent pad 2 6 and an optical window 

15 27, with components corresponding to those in the 
previous drawings designated by identical reference 
numerals to omit overlapped descriptions. 

In the example shown in Fig. 15, the 
transparent pad 2 6 is used for the detection window 6 

20 and the optical window 27 covering the detection hole 
24 is provided so as to support the transparent pad 26. 
This optical window 27 is made of a thin glass plate 
having a certain thickness. The entire pad 1 can be 
transparent . 

25 Furthermore, as shown in the example in Fig. 

16, it is also possible to cut out a part of the pad 1 
as a hole portion la corresponding to the detection 
hole 24 in the detection window 6. In this case, 
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however, slurry 5 (Fig. 20) extended on the pad 1 may 
remain in the hole portion la on the optical window 27 
to decrease the transmittance of the optical window 27, 
and therefore an outlet of the slurry 5 need be 
provided to prevent the slurry from flowing into the 
detection hole 24 or the objective lens 17. 

It is also possible to embed the optical 
window 27 into the pad 1. 

Referring to Fig.. 17, there is shown a wafer 
polishing process of an embodiment of a method and an 
apparatus for manufacturing a semiconductor device 
according to the present invention, comprising a film 
thickness evaluation data determination unit 28, an 
alarm 29, a pad replacement unit 30, a dressing control 
unit 31, a slurry supply control unit 32, a wafer chuck 
control unit 33, and a polishing disk control unit 34, 
with components corresponding to those in the previous 
drawings designated by identical reference numerals to 
omit overlapped descriptions. 

In this embodiment, a layer insulating film 
on a wafer surface is polished by using the polishing 
machine (CMP polishing processing machine) with the 
endpoint detection method and its apparatus according 
to the present invention set forth in the above. 

In this diagram, during polishing processing 
of a layer insulating film on a wafer surface with a 
wafer 18 (not shown) held by a wafer chuck 3, a 
detection result of a detection unit 8 is evaluated by 
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a film thickness evaluation unit 7 and film thickness 
evaluation data obtained as a result of the evaluation 
is supplied to the film thickness evaluation data 
determination unit 28. The film thickness evaluation 
5 data determination unit 28 determines a processing 
condition of the CMP polishing processing machine on 
the basis of the film thickness evaluation data and 
controls the alarm 29, the pad replacement unit 30, the 
dressing control unit 31, the slurry supply control 
10 unit 32, the wafer chuck control unit 33, and the 
polishing disk control unit 34. 

After the film thickness of the layer 
insulating film on the wafer surface gets equal to a 
predetermined value and the film surface is smoothed as 
15 described in Fig. 4 and Fig* 5, the film thickness 

evaluation data determination unit 28 determines it on 
the basis of the film thickness evaluation data from 
the film thickness evaluation unit 7 and drives the 
alarm 29. In response to this, the alarm 29 generates 
20 an alarm to notify an operator of the wafer reaching 

the endpoint of polishing processing. Furthermore, it 
is also possible to stop the rotation of the polishing 
disk 2 with this and to release the wafer from the 
pressed condition toward the pad 1 by lifting the wafer 
25 chuck 3 to terminate the polishing processing. 

In addition, the film thickness evaluation 
data determination unit 28 is capable of processing the 
film thickness evaluation data from the film thickness 
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evaluation unit 7 and determines the condition of the 
pad 1. Therefore/ the film thickness evaluation unit 7 
determines a temporal average intensity of the 
reflected light (reflected UV light) from the wafer on 
5 the basis of the detection result from the detection 
unit 8 and the film thickness evaluation data 
determination unit 28 evaluates a variation of the 
average intensity relative to the number of wafers 
completed to be polished and compares it with a preset 
10 threshold value as shown in Fig. 18. Then, if the 
i|i average intensity is lower than the threshold value, it 

A determines that the pad 1 is deteriorated and drives 

''tl the pad replacement unit 30. With this, the pad 

jt{ replacement unit 30 performs an alarm generation or the 

;^ 15 like operation to notify the operator of a need for pad 

replacement. 

ttl Furthermore, the film thickness evaluation 

!=*"« unit 7 calculates a polishing rate with evaluating a 

variation period of the detected intensity as shown in 
20 Fig. 4 or Fig. 5 (or a polishing time up to a 

predetermined film thickness) on the basis of the 
detected intensity detected by the detection unit 8, 
and on the calculation result the film thickness 
evaluation data determination unit 28 determines the 
25 surface condition of the pad 1 and the polishing 

condition of the layer insulating film on the wafer 
surface (if the polishing rate is decreased, the period 
of the detected intensity or the above polishing time 



is extended) . Then, the film thickness evaluation data 
determination unit 2 8 operates the dressing control 
unit 31 on the basis of the determination result to 
optimize dressing conditions such as the pushing 
5 pressure (dressing pressure), the number of 

revolutions, and rocking motion of the dresser 4 on the 
basis of the determination result so as to prevent a 
decrease of the polishing rate. 

There is a relationship between the temporal 

10 average intensity of the detected reflected light or 
reflected UV light and the polishing rate as shown in 
Fig. 19; if the average intensity is low, the polishing 
rate is decreased. Therefore, in Fig. 17, the film 
thickness evaluation data determination unit 28 

15 determines the polishing rate on the basis of the film 
thickness evaluation data of the average intensity from 
the film thickness evaluation unit 7, controls the 
supply of the slurry 5 by operating the slurry supply 
control unit 32, controls the pushing pressure toward 

20 the pad 1 of the wafer by operating the wafer chuck 

control unit 33, or changes the rotation speed of the 
polishing disk 2 by controlling the polishing disk 
control unit 34 so that the optimum polishing rate is 
set . 

25 In addition, if the wafer chuck control unit 

33 is capable of controlling a pressure distribution to 
the pad 1 on the wafer surface, the detection window 6 
is provided as shown in Fig. 11 or Fig. 12 to detect a 
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film thickness distribution in the radial direction of 
the layer insulating film on the surface of the wafer 
7, by which the film thickness evaluation data 
determination unit 28 controls the wafer chuck control 
5 unit 33 according to the detection result, thereby 

enabling polishing processing with the layer insulating 
film having an even thickness on its almost entire 
surface. Accordingly, this makes it possible to 
achieve uniform polishing processing of the layer 
10 insulating film on the wafer surface. 
3 In the embodiment shown in Fig. 17, the 

p\ determination method to a feedback destination has been 

% described only as an example thereof and the 

determination method is not limited to the above. The 
;^ 15 determination and the operation performed as a result 

W thereof can be manually performed by the device 

w operator or can be automatically performed. 

As set forth hereinabove, according to the 
present invention, it is possible to detect an endpoint 
20 very accurately in polishing processing and to control 
the polishing processing very precisely. 

Furthermore, a process throughput can be 
improved by incorporating the processor unit for 
detecting the endpoint into the polishing process. For 
25 example, in a method of manufacturing a semiconductor 
device on a wafer or in a CMP polishing process in a 
manufacturing line, the endpoint detection can be 
performed very accurately, thereby improving the 
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process throughput . 

The invention may be embodied in other 
specific forms without departing from the spirit or 
essential characteristics thereof. The present 
embodiment is therefor to be considered in all respects 
as illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims rather 
than by the foregoing description and all changes which 
come within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 



